This work aimed to investigate the time course of changes in baroreflex sensitivity (BRS) and its vascular and autonomic components after different exercise intensities in adolescents. Thirteen male adolescents (age 13.9 ± 0.5 years) completed on separate days in a counterbalanced order
INTRODUCTION
Following exercise, arterial blood pressure (BP) decreases below resting values characterizing a state of post-exercise hypotension (Halliwill, Buck, Lacewell, & Romero, 2013) . Understanding this phenomenon has implications for the health benefits of the exercise bout, as well as exercise-induced syncope (Halliwill et al., 2013) . Postexercise hypotension is well characterized in the adult literature, and is mainly driven by a decreased total peripheral resistance (TPR) despite increases in cardiac output (Q) (Halliwill, 2001) . The contributions c 2018 The Authors. Experimental Physiology c 2018 The Physiological Society of heart rate (HR) and stoke volume (SV) to (Q) following exercise also appear to be dependent on exercise intensity, as SV has been shown to be decreased following supramaximal but not moderateintensity cycling exercise, which may be associated with an increased likelihood of syncope (Crisafulli et al., 2004) . Limited data also show that post-exercise hypotension is present in children and may last up to 40 min following exercise (Rauber et al., 2014) . Furthermore, post-exercise hypotension in youth is associated with a lowered BP response to stressful situations such as the cold stressor test and the ingestion of a high-fat meal (Bond et al., 2014; Rauber et al., 2014) ,
New Findings

• What is the central question of this study?
What are the autonomic and vascular components of the baroreflex during hypotension following different exercise intensities in adolescents?
• What is the main finding and its importance?
Hypotension after high-intensity exercise lasted 60 min, whereas following moderate-intensity exercise, blood pressure was restored after 20 min. Stroke volume and peripheral resistance responses were different between intensities. Post both exercise intensities, baroreflex sensitivity was lowered mainly due to the autonomic component, which returned to baseline 60 min postexercise. The different haemodynamic stimuli indicate potential differences in cardiovascular health benefits of exercise intensity in healthy adolescents.
which may be clinically important as these stressful conditions have been positively associated with hypertension development in adults (Menkes et al., 1989; Uetani et al., 2012) . Finally, although exercise intensity may alter the BP response following exercise in youth (Bond et al., 2014) , the specific contribution of haemodynamic factors (e.g. SV,Q and TPR) have not been reported in this population. Therefore, studies are needed to investigate the duration of exercise-induced hypotension and to characterize the contributions of SV,Q and TPR in youth.
The mechanisms of post-exercise hypotension are well documented in adults, involving a diminished sympathetic influence on the vasculature, increases in myogenic vascular function, release of vasodilatory substances and improved vasodilatory arterial function (Halliwill, 2001; Halliwill et al., 2013; Halliwill, Taylor, & Eckberg, 1996a; Persson, 1996) . Collectively, these physiological changes indicate that critical mechanisms of BP control are influenced by the exercise bout. For example, baroreflex sensitivity (BRS), which is responsible for the beat-by-beat adjustments in BP fluctuations, may also be influenced by the exercise stimulus (Halliwill, Taylor, Hartwig, & Eckberg, 1996b; Niemela et al., 2008; Reynolds, De Ste Croix, & James, 2017) . However, because BRS is composed of a vascular (measured as changes in arterial diameter per changes in units of BP) and an autonomic (measured as changes in heart rate (HR) per units of vascular diameter) component (Bonyhay, Jokkel, & Kollai, 1996; Kornet, Hoeks, Janssen, Willigers, & Reneman, 2002; Taylor, Willie, Ainslie, & Tzeng, 2014) , their different contribution to the total BRS gain following exercise is still controversial. For example, in adults decreases in BRS following exercise have been attributed to either both components (Willie et al., 2011) , or the vascular component (Studinger, Lenard, Kovats, Kocsis, & Kollai, 2003) , with both components returning to baseline values 60 min post-exercise (Studinger et al., 2003; Willie et al., 2011) . The difference between exercise modalities, intensities and duration makes comparisons between the results challenging, as these exercise characteristics are likely to impact BRS regulation (Halliwill et al., 2013) .
To our knowledge, no study has investigated the role of BRSassociated mechanisms on BP control following exercise in a youth population. The translation of adult findings to the youth population is questionable, as BRS has been shown to decrease with maturation in males (Chirico, Liu, Klentrou, Shoemaker, & O'Leary, 2015) , or to be maintained across different age groups via improvements in the autonomic component (Lenard, Studinger, Mersich, Kocsis, & Kollai, 2004) . Furthermore, the time course of BRS changes post-exercise, and the effect of exercise characteristics (i.e. intensity) that contribute to BRS in the post-exercise period are unclear in youth. Whether there is an exercise intensity-dependent effect on the time course of BRS responses in the post-exercise period, and the underpinning mechanisms are important questions considering the accentuated hypotension observed following high-intensity interval exercise (HIIE) compared to moderate-intensity exercise (Bond et al., 2014; Rauber et al., 2014) and the higher cardiorespiratory demands during HIIE in adolescents (Malik, Williams, Bond, Weston, & Barker, 2017) .
Therefore, the purpose of this study was to investigate the mechanisms underlying the recovery of BP following moderate-and high-intensity exercise in healthy adolescents. Specifically, the time course of changes in BRS and its autonomic and vascular components, Q, and TPR, were investigated at 5 min and 60 min following moderate-and high-intensity interval running in adolescents. Based on the described intensity-dependent effects of exercise on vascular and autonomic functions in youth (Bond, Hind, Williams, & Barker, 2015; Guilkey, Overstreet, & Mahon, 2015) , it was hypothesized that HIIE would augment the vascular and decrease the autonomic BRS determinants in the hour following the exercise bout, resulting in an overall decrease in the baroreflex gain compared to moderateintensity interval exercise (MIIE).
METHODS
Ethical approval
All adolescents who volunteered to take part in the present investigation and their parents/guardians provided signed assent and consent forms, respectively. All procedures performed in the pre- 
Participants
Thirteen male adolescents volunteered to take part in this study. Pubertal status as determined by self-assessment of secondary sexual (pubic hair) characteristics (Morris et al., 1980) for the sample was: stage 2, three; stage 3, one; stage 4, eight; and stage 5, one. Health questionnaires were completed before participation and all volunteers were free of conditions affecting cardiac autonomic and vascular systems, such as asthma, congenital heart disease and hypertension.
Experimental overview
Participants completed four experimental visits with a minimum of 3 days apart, and took no longer than 4 weeks to finish the study. The visits consisted of the following.
For Visit 1, participants were familiarized to the BRS protocol and treadmill running. Stature and body mass were measured, followed by triceps and subscapular skinfolds taken in triplicate for estimation of body fat percentage using age-and sex-specific validated equations (Slaughter et al., 1988) . Participants then completed an incremental test combined with a supramaximal bout to exhaustion (Barker, Williams, Jones, & Armstrong, 2011) , with breath-by-breath gas exchange measurements obtained (Cortex Metalyzer III B, Germany).
The incremental treadmill test started at 6 km h −1 with 1% inclination after a 3 min warm-up at 4 km h −1 (Woodway GmbH, Weil am Rhein, Germany). Increments of 0.5 km h −1 were completed every 30 s until participants reached exhaustion, when maximal aerobic speed (MAS) was determined. Following 10 min of recovery, participants completed a running bout to exhaustion with 5% inclination at the MAS obtained in the incremental test. Maximum oxygen uptake (VO 2 max) was measured as the highest value obtained in either the ramp or the supramaximal tests. The gas exchange threshold (GET) was visually obtained from the incremental test data as a disproportionate increase in carbon dioxide production relative toVO 2 uptake. At the end of Visit 1, participants received food diaries and accelerometers, which were used in the 48 h preceding Visits 2-4.
For Visits 2-4, following an overnight fast, participants were transported to the laboratory and completed the baseline measurements between 08.00 and 09.00 h. A three-lead ECG and a finger cuff (Finometer PRO, Enschede, Netherlands) were fitted and the BRS protocol started after 10 min of supine rest in a temperature-(21-24 • C) and light-controlled room. The BRS protocol consisted of (1) a measurement of brachial blood pressure to calibrate the Finometer for brachial reconstructed blood pressure assessment (Guelen et al., 2008 ) -this device has been validated to monitor blood pressure in children (Tanaka, Thulesius, Yamaguchi, Mino, & Konishi, 1994) ; (2) after calibration, images of the common carotid artery (CCA) were recorded for 15 cardiac cycles; and (3) participants were instructed to pace their breathing frequency at 12 cycles min −1 for 5 min (Tzeng, 2012; Tzeng, Sin, Lucas, & Ainslie, 2009; Williams et al., 2002) . The procedures were completed in the described order and lasted ∼20 min (including the 10 min rest preceding the protocol).
After the baseline measurement, participants performed, in a counterbalanced order, the following conditions on separate days:
(1) HIIE; (2) MIIE; and (3) control (CON). For HIIE, participants performed eight bouts of 1 min at 90% of the MAS, interspersed by 75 s of active recovery at 4 km h −1 . For MIIE, participants performed 1 min bouts at 90% of GET interspersed by 75 s of active recovery at 4 km h −1 . The number of bouts in MIIE was tailored to each participant to match the total distance covered in the HIIE condition. Both HIIE and MIIE were preceded by a 3 min warm-up, and followed by a 2 min cool-down at 4 km h −1 . For CON, participants pursued sedentary activities whilst seated in the laboratory, such as computer and board games.
Participants repeated the BRS protocol, including 10 min of rest, starting at 5 and 60 min following the conditions. These time points were chosen because in adults it has been reported that the time course adjustments in the BRS and its vascular and autonomic determinants differ between 5 and 60 min following exercise (Studinger et al., 2003; Willie et al., 2011) . However, the 10 min rest preceding the BRS protocol resulted in the measurements starting at 15 and 75 min post the conditions. In between the postexercise measures, participants were seated in the upright position and engaged in sedentary activities, e.g. playing board and electronic games.
Baroreflex sensitivity analysis
BRS analysis procedures in the present study were performed according to previous validated (Chirico et al., 2015; Lenard et al., 2004; Robbe et al., 1987) For this purpose, beat-to-beat RR interval and brachial reconstructed SBP were interpolated at 2 Hz and a fast-Fourier transformation was applied to obtain the power spectrum in the low frequency (LF: 0.04-0.15 Hz) band. A cross-spectral transfer function was then applied and the mean cross-spectrum (LF gain ) in the range where the coherence was >0.5 was expressed as the baroreflex gain in ms mmHg −1 . This index was chosen due to its established validity compared to BRS assessment using vasoactive drugs (Robbe et al., 1987) .
Vascular and autonomic determinants
CCA images were recorded ∼ 2 cm distal from the carotid bulb using a high-resolution (∼13 MHz) linear array transducer (Apogee, 1000, SIUI, Guangdong, China). The images were obtained over 15 cardiac cycles recorded at 15 frames s −1 . Subsequently CCA images were analysed using validated wall tracking software (Carotid Analyzer, Medical Imaging Applications LLC, Coralville, IA, USA) (Mancini, Abbott, Kamimura, & Yeoh, 2004) for determination of diastolic lumen diameter (DLD) and systolic lumen diameter (SLD). The average of three to seven cardiac cycles with clear definitions of the near and far walls was used. During the 15 cardiac cycles, beat-to-beat brachial reconstructed BP (Guelen et al., 2008) was averaged and used to determine pulse pressure (PP). The vascular components of BRS were determined according to previously published literature (Laurent et al., 2006) :
Where ΔD is SLD minus DLD, and PP is the obtained pulse pressure;
Where CSA in the cross sectional CCA artery calculated as CSA = r 2 where radius r = diameter/2 and ΔCSA the maximal CSA minus minimal CSA (CSA min ).
The autonomic and vascular determinants of BRS were determined according to a previous study (Lenard et al., 2004 
Haemodynamic and autonomic modulation
During CCA image acquisition, beat-by-beatQ was obtained and averaged for later analysis. In adults,Q obtained with the Finometer has been validated (Jansen et al., 2001) . TPR was calculated as mean arterial pressure (MAP) divided byQ. Heart rate variability (HRV) was obtained in the 5 min when BRS was measured according to published guidelines (Task Force, 1996) . For this, a fast Fourier transformation was applied and the area under the low (LF: 0.04-0.15 Hz) and high frequency (HF: 0.15-0.50 Hz) bands were calculated in absolute (ms 2 ), normalized units (nu), and as the LF/HF ratio. HF is known to reflect parasympathetic modulation whilst LF is considered a marker of global autonomic function (Task Force, 1996) .
Physical activity and dietary intake
Participants were instructed to avoid extraneous exercise and to wear accelerometers (GENEAciv, Activinsights Ltd, Cambridge, UK) in the 48 h preceding visits 2-4. Accelerometer data were treated using freely available spreadsheets (www.geneactive.org), and moderateto-vigorous physical activity (MVPA) was obtained using population specific cut-offs (Phillips, Parfitt, & Rowlands, 2013) . Volunteers were also asked to complete food diaries in the 48 h preceding Visits 2-4, and to keep food ingestion similar to Visit 2 for the remainder of the experimental visits. From food diaries, total calories and the percentage contribution from carbohydrates, lipids and proteins were analysed (CompEat Pro, Banbury, UK).
Statistical analyses
Data are presented as mean and standard deviation unless otherwise stated. Mean differences between the physiological responses to the conditions were tested using Student's paired t-test. Mean differences between MVPA and food diary outcomes between days were compared using ANOVA with repeated measures. The main effects of experimental condition and time, as well as their interaction were tested using repeated measures ANOVA with two within-subject factors (time and condition), and three levels for each factor (time: pre, post and 60 min post; and condition: HIIE, MIIE and CON). When an interaction was observed, a series of repeated ANOVAs were performed to compare the effects of time and condition, followed by pairwise comparisons with least square differences. Mauchly's test was used to test sphericity and when violated, the Greenhouse-Geisser correction was used. SPSS v.22
(IBM Corp., Armonk, NY, USA) was used for these analyses. The sample size was calculated based on detecting a large effect size (ES; Cohen's d > 0.8) for the change in BRS after exercise (Niemela et al., 2008) , with an of 0.05 and power of 0.8 (G-power). Finally, ES values were calculated to interpret the magnitude of the pairwise comparisons as small < 0.2, moderate > 0.5, and large > 0.8 (Cohen, 1977) .
RESULTS
The mean (SD) age of the group was 13.9 ± 0.5 years, body fat:
12.0 ± 4.9% andVO 2 max 50.1 ± 5.2 ml kg −1 min −1 . One participant was excluded from the BRS assessment due to errors in the ECG signal, and two from the CCA analysis due to technical issues with the ultrasound. For clarity, the final sample size for each analysis is described in the figures and tables. In the 48 h before the experimental visits, there were no significant mean differences in the amount of MVPA (P = 0.91), energy intake (P = 0.55) and macronutrient contribution (P > 0.39) (see Table 1 ).
By design, HIIE elicited significantly greater peakV O 2 (% of max) (2.2 ± 0.2 (89%) vs. 1.6 ± 0.1 (66%) L min −1 ; P < 0.001), and average HR (154 ± 3 (78%) vs. 128 ± 5 (64%) beats min −1 ; P < 0.001) compared to MIIE. HIIE was significantly shorter in duration (21.8 ± 0 vs.
28.0 ± 1.8 min; P < 0.001), but the total distance was matched for both conditions (2763 ± 249 m).
Haemodynamic outcomes
Haemodynamic data are presented in Table 2 
Baroreflex sensitivity outcomes
BRS and its autonomic and vascular components are depicted in There was no time by condition interaction for AC (P = 0.63).
However, a significant main effect of time (P = 0.012), but not condition There was a time by condition interaction for LF gain /AC (P < 0.001).
At baseline, no differences were observed between conditions cg 66 ± 9 6 6± 5 6 5± 8 6 3± 6 SV (ml) (n = 12) 45.7 ± 13.5 39.5 ± 10.6 a 44.0 ± 10.7 44.4 ± 9.1 36.9 ± 7.2 c 42.5 ± 9.8 46.4 ± 12.6 45.8 ± 13.0 44.5 ± 12.3 Q (ml min −1 ) (n = 13) 3.0 ± 0.8 3.4 ± 0.9 aef 3.0 ± 0.7 b 2.9 ± 0.6 2.7 ± 0.6 2.8 ± 0.7 3.0 ± 0.8 2.8 ± 0.8 2.7 ± 0.6 TPR (units) (n = 13) 28.3 ± 7.0 23.3 ± 6.0 HFln (ms 2 ) (n = 12) 8.4 ± 1.0 6.6 ± 1.5 aef 8.5 ± 1.0 b 8.5 ± 0.9 7.5 ± 1.5 8.5 ± 1.0 8.6 ± 0.7 8.2 ± 1.0 8.5 ± 0.7
LFln (ms 2 ) (n = 12) 7. 
Carotid artery outcomes
CCA properties are depicted in 
Heart rate variability
Heart rate variability is presented in Table 2 . There was a time by (Table 2) .
DISCUSSION
This is the first study to investigate the time course of changes in BP following HIIE and MIIE and the associated mechanisms in a sample of 
Five minute post responses
In the present study, MAP decreased 5 min post-HIIE and -MIIE. The observed decreases in MAP are in accordance with adult literature (Halliwill et al., 2013) , but the observed mechanisms underpinning post-exercise hypotension were different between HIIE and MIIE.
Specifically, MAP decreases observed 5 min following HIIE were caused by a lowered TPR despite the observed increased inQ (Halliwill, 2001 ), whereas 5 min post-MIIE, a fall in SV (ES = 0.90) and a consequent maintainedQ explained the decreased MAP. The divergentQ responses were caused by a heightened vagal withdrawal following HIIE, which is reflected in the observed reduced HF and a consequent elevated HR. The observed parasympathetic withdrawal following HIIE corroborated the well-documented responses to exercise (Pecanha et al., 2017) . The different mechanisms for postexercise hypotension between the exercise intensities is a novel finding of the present investigation and is in accordance with a previous adult investigation showing a decreased pre-load due to a lowered venous return which was matched by an increased HR andQ following supramaximal, but not submaximal, exercises (Crisafulli et al., 2004) .
Our novel findings are the first to show an intensity-independent decrease in LF gain in the first 5 min of recovery following MIIE and HIIE in adolescents. This observation is in accordance with evidence from adult literature showing decreases in BRS up to 60 min following both aerobic and resistance exercises (Niemela et al., 2008; Reynolds et al., 2017; Studinger et al., 2003) . The increased AC and AD in the first minutes of recovery following HIIE and MIIE indicates that the baroreceptor stimuli due to arterial stretching did not lead to adjustments in RR intervals. This is reinforced by the observed lowered LF gain /AC at 5 min following HIIE and MIIE indicating an autonomically dependent reduction in BRS gain. Our data are different from adult literature, which showed both autonomic and vascular changes contribute to the BRS decrements after exercise (Studinger et al., 2003; Willie et al., 2011) . Some limitations arise from comparing the current findings to the adult literature. For example, differences between exercise mode (i.e. running vs. cycling; interval vs. continuous) and intensity (i.e. maximum to exhaustion (Studinger et al., 2003) , and moderate (Willie et al., 2011) , as well as the methods used to measure BRS and its autonomic and vascular determinants. However, because adolescents present a higher AD and a less mature autonomic function (Lenard et al., 2004) , the higher dependence on the autonomic determinant observed in the present investigation may represent differences in developmental characteristics between children and adults. Future studies directly comparing adolescents and adults would be useful to support this claim.
The observed autonomically dependent decrease in BRS following HIIE and MIIE may reflect a decreased autonomic central processing due to BRS resetting (Hart et al., 2010) , and/or a lowered vagal influence on the heart due to local substances released by sympathetic stimulation (Herring et al., 2009 ). However, this remains speculative as our present findings do not extend to the cross-talk between vagal and sympathetic systems. It is also possible that the reduction in the BRS gain in the present study reflects a shift in the overall gain of the reflex curve (Schwartz, Medow, Messer, & Stewart, 2013) , but no information about the operation point, saturation and range of baroreflex can be provided with the methods used in the present investigation. Regardless, our present study is the first to demonstrate that the reduction in the BRS gain is dependent on autonomic function in the 5 min following HIIE and MIIE in adolescents.
As the recovery period has been suggested as part of the stimuli leading to training adaptation (Luttrell et al., 2015) , the observed drop in the autonomic BRS determinant may provide mechanistic insights into the reported associations between moderate-intensity and vigorous physical activity and cardiac autonomic function in adolescents (Oliveira, Barker, Wilkinson, Abbott, & Williams, 2017) .
Future studies are needed to investigate the interdependence of the acute and chronic adaptations of the BRS and its vascular and autonomic components.
In the present investigation AC was increased 5 min post all conditions. Given that AC is calculated as change in diameter divided by PP, the observed increases in AC were driven by decreases in PP, because change in diameter was kept similar to baseline at 5 min post.
Our data are the first to demonstrate that in the 5 min following HIIE and MIIE, AC is improved in adolescents. Although our measurement of PP is limited for AC assessment (Steinback et al., 2005) , the present findings of a lowered SV reinforces the observed increased in AC at 5 min post-exercise. For example, in contrast to the observed data in the present study, a smaller SV would lead to smaller AC and AD (Myers et al., 2002) . These results indicate that despite the decreased MAP and PP, the difference in vessel distension is similar, and highlights that the drop in BRS observed after exercise was mainly driven by a lowered autonomic response to the baroreflex stimuli, rather than mechanical changes in the vascular BRS determinant.
In the present investigation, CCA was constricted 5 min post-HIIE but not -MIIE or -CON. Our results extend previous adult findings (Studinger et al., 2003) , by providing novel data showing that in adolescents the constriction of CCA is intensity dependent and caused by decreases in both systolic and diastolic diameter. It has been previously stated that during high-intensity exercise the vasodilatory stimuli of shear stress (Atkinson et al., 2015) cause CCA to dilate (Studinger et al., 2003) . After exercise cessation, the vasodilatory stimulus of shear stress diminishes and the smooth muscle constricts stimulated by myogenic vessel activity (Studinger et al., 2003) . The current observed constriction of the CCA following HIIE may therefore be explained by an accentuated sympathetic activity during the exercise bout, translated into the observed higher HR during HIIE, and superior haemodynamic stimulus on the CCA smooth musculature. This constriction following HIIE appears to be characteristic of the CCA, because a previous adolescent study has shown a vasodilated brachial artery immediately following HIIE (Bond et al., 2015) . Additionally, in the present study TPR was lowered reflecting dilated vasculature at the muscular site.
Sixty minutes post
This is the first study to demonstrate that at 60 min post-HIIE, but not -MIIE, MAP is decreased characterizing post-exercise hypotension in a sample of healthy adolescents. These results are in accordance with adult literature suggesting that the hypotensive effects of the exercise bout can last up to hours following the exercise (Halliwill, 2001) , as well as paediatric literature showing a strong hypotensive stimulus of HIIE after a high-fat meal challenge (Bond et al., 2014) .
The contributions of TPR andQ to the observed hypotension following HIIE are not clear as no significant differences were observed for these variables at 60 min post-exercise. Scrutiny of the data, however, indicates differences at the individual level, with some participants presenting a lowerQ mediated by a reduction in HR, while others presented a lower TPR. The observed intensity effects show that the control of BP via alterations in TPR is restored 60 min post-MIIE due to the observed higher TPR values. Altogether, the present study provides original data showing a strong hypotensive stimulus of HIIE in healthy adolescents.
In the present study, 60 min post-HIIE and -MIIE, the LF gain returned to baseline. Despite no comparative paediatric studies our data are in accordance with adult literature (Studinger et al., 2003) , and indicate a rapid recovery of the cardiovascular BRS gain in healthy adolescents.
The mechanisms of a restored LF gain were similar between exercise intensities as both vascular (measured as AC and AD), and neural Although LF gain is restored to baseline following HIIE and MIIE, MAP was still lower than baseline after HIIE but not after MIIE.
Because BRS after exercise has been suggested not to contribute to post-exercise hypotension, but rather acts to restore BP to baseline values (Halliwill et al., 1996b; Kim et al., 2011) , the present results indicate important differences between exercise intensities 60 min post-exercise. For instance, the return of MAP to baseline after MIIE indicates that the ability of BRS to adjust BP is restored following this intensity. In fact, our present observations of a higher TPR after MIIE show a restored sympathetic influence on the vessels via BRS adjustments in TPR (Kim et al., 2011; Ogoh, Fadel, Monteiro, Wasmund, & Raven, 2002) . On the contrary, 60 min post-HIIE, the ability of BRS to restore BP to the baseline value is still blunted, and TPR andQ are not augmented. These data indicate that 60 min post-HIIE, there may exist a decreased sympathetic influence on the vessels, possibly due to vasodilatory substances, such as nitric oxide activity (Bond et al., 2015) and activation of histaminic receptors (Halliwill et al., 2013) . Although the sympathetic branch of BRS was not measured in the present investigation, our results provide important mechanistic insights and highlight the potent role of exercise intensity in the recovery of post-exercise hypotension in adolescents, which requires further study.
Practical implications
Although the fall in BP in the present investigation in healthy adolescents seems unremarkable compared to adult literature, which normally reports decreases of 8-9 mmHg depending on the preexercise BP (MacDonald, 2002) , the observed 5 mmHg fall in the present study is similar to previous investigations involving 9-yearold children (Rauber et al., 2014) . The practical importance of these findings is currently unknown and future investigations are needed.
However, in the present study the fall in BP of normotensive adolescents may have a clinical importance if translated to hypertensive youth, as previously reported in adults (Kenney et al., 1993) .
Similarly, the hypotensive effects of the exercise can lead to a lowered BP response to stressful situations (e.g. cold pressor test and high-fat meal) in youth (Bond et al., 2014; Rauber et al., 2014) . Importantly, our study is the first to characterize the mechanisms of post-exercise hypotension in youth, and the described vascular and autonomic adjustments may be linked to a better cardiovascular disease risk factor profile in this population (Roemmich, Lambiase, Balantekin, Feda, & Dorn, 2014) . Finally, in youths aiming to avoid syncope following HIIE, an active recovery or a cool-down period is encouraged to maintain an adequate pre-load and SV (Crisafulli et al., 2004) .
Limitations
Several limitations should be considered when interpreting the present findings. Firstly, all haemodynamic measures were derived from finger plethysmography and have not been validated in the present population. Thus, the present estimates might be different from the real haemodynamic values. However, this limitation does not hamper our interpretation as the direction of changes following the experimental condition is our main outcome. Secondly, PP was not measured at the carotid site when measuring CCA distensibility (Steinback et al., 2005) . However, our results are comparable to an adolescent investigation measuring PP at the CCA site (Lenard et al., 2004) . Thirdly, the autonomic determinant of BRS used in the present investigation, although reliable , has not been validated against methods using vasoactive substances. Finally, the BRS vascular determinant was performed solely on CCA, and no information about aortic distensibility was obtained (Klassen, Chirico, Dempster, Shoemaker, & O'Leary, 2016) .
Conclusions
The present study provides unique insight into the interplay between 
